Abstract. In this paper, we have proposed an analytical body (breast-tissue) propagation model in terms of scattering parameters towards the design goal of a suitable ultra-wide band, (UWB) transceiver for early breast tumor detection. The scattering parameters are reflection ( and transmission coefficients (Τ). We considered a heterogeneous breast model consisting of skin, adipose and glandular tissues as body (breast) channel and planar wave to propagate through it for UWB frequency range. A tumor layer was also considered as an inner layer to investigate tumorous tissue effects. Effective dielectric properties and scattering parameters (through reflected/ scattered or forward transmitted signals) for the whole breast were determined. Due to dispersive nature of heterogeneous breast, Γ and T vary with frequency; showing their decisive nature for a particular center frequency of the UWB transceiver systems. In case of 2.0 GHZ and 4.5 GHz center frequency UWB system, the back propagated (reflected/ scattered) signals showed approximately 45.45% and 63.3% respectively higher amplitude than forward propagated signals for the breast channel with tumor, indicating high value of dispersion present in human breast tissues.
Introduction
Wireless communication has currently received huge amount of attention in biomedical engineering applications. Profound and probative research is underway to distinguish the behavior of biomedical communication and organic tissue channel models. The use of UWB transceivers is contemporary in this area for developing low cost, less invasive and high resolution communication systems.
Communication via human body is quite distinct compared to normal multipath wireless channel. For an organic medium, electromagnetic (EM) waves have to traverse several layers of tissues, having varying permittivity and conductivity values before reaching the receiver antenna. The bioelectric properties of these tissue layers (i.e. permittivity and conductivity) changes with frequency (dispersion) and time (relaxation constant). Therefore, obtaining an accurate channel model including the properties and effects of tissue medium, is very substantial in developing the communication system.
In particle physics and computational electromagnetic, scattering problem is perceived in two ways; direct scattering and inverse scattering [1] . Direct scattering problem determines the distribution of scattered radiation based on the characteristics of the scatterer. The inverse scattering problem determines the characteristics of an object (e.g., its shape, size, constitution) from receiving the signal scattered by the object. Most of the research work for breast cancer detection is focused in finding solutions to scattering problems for determining normal and tumor containing tissues [1] [2] [3] [4] . Besides of the vast research works aiming to differentiate between healthy and tumorous breast tissues in excised samples using the pronounced differences in their scattering profiles. Now demand is to investigate the applicability of this technique for the recognition of breast tumor in the breast of a patient and the process is still confronting with many difficulties. Firstly, the data provided from the small-size excised breast tissue samples, normally in mm scale, is not sufficient to account for multiple scattering effects which affects the shape of scattered distribution in case of whole breast of normal dimension, is in average 100 to 120 mm. Secondly, it is not adequate to perform test measurements directly on patients because of the difficulties in correlating the measured profiles to a specific histopathology in breast tissue. Because of these problems, an alternative approach for performing research is on breast phantoms. At present, the available breast phantoms have only been used in mimicking the attenuation properties rather than producing an scattered profile distribution equivalent to breast tissue [5] [6] [7] [8] [9] . Another problem is gap between theoretical and experimental data values for making breast phantoms. In [10] a simple statistical procedure was developed to reduce the gap between the theoretical and experimental values for absolute permittivity of breast tissues.
In this paper, human breast phantom is considered for UWB communication system for early detection of breast tumor. The breast phantom data from [5, 8, 9 ] is used here. We have produced scattering profiles of this phantom by finding the S-parameters. S-parameters are reflection coefficient (S11) and transmission coefficients (S12). The scattering parameter values are then used to conceive the outcome of the breast medium. The results obtained will be used in future for the design of radio frequency RF filters, which can be employed at the front end in a UWB transceiver.
Multilayer Breast Model and Effective Permittivity
Wireless channel involving human body is quite different from a usual multipath channel. This is because, human body comprises of many layers of tissues and all have different dielectric properties contributing in the forward and scattered fields. Likewise, human breast is also divided into multiple tissue layers of skin, fat/adipose and glandular. In case in the presence of tumor cells, another layer is added up in this structure. Porter, et al. [5] developed practical heterogeneous phantoms by considering individual homogeneous phantoms for fat, skin, gland and tumor initially. Relative permittivity and conductivity for each phantom were measured at UWB microwave frequencies of 1 to 6 GHz. They also described a methodology to experimentally merge four phantoms into a single hemispherical heterogeneous breast phantom. The different layers of breast tissues with their relative permittivity and conductivity are shown in Tables 1 and 2 [6] respectively. Perez [14] in his Ph.D. dissertation (2012) explained the effective channel theory along with the effective permittivity of multilayer materials using Weiner absolute bounds [15] . He illustrated two cases. In the first case, incident wave is normal to the interfaces between layers and it was shown that the effective permittivity is equal to the sum of normalized weighted average function of the reciprocal of the permittivity values of individual layers. In the second case incident waves were parallel to the multiple layers and it was shown that the effective permittivity is sum of normalized weighted average function of the permittivity values of individual layers. In both cases, to any direction of incidence, direction of electric field vector, ̂ , is always normal to the direction of propagation of wave incidence. These cases are explained in the following subsections.
A. Mathematical Description
The two cases can be correspondingly related to the series and parallel capacitors models (for two-layers) with known volume fractions. For parallel capacitor model, we have (1) and for the series capacitor model, (2) where and are the volume fractions of the constituent layers and and are the permittivity values of each layer. The constraint equation in this model is (3) Equation (3) implies that all the components' volume fractions sum the entire volume of the medium equal to unity.
B. Pictorial Representation
The example parallel and series plate capacitors models are shown in Fig. 1 in a transversal section with thickness t1 and t2 for the corresponding layers. Arrow shows direction of propagation of electric field. It was found in [14] that if the interaction of electric field with the material interface is completely parallel, then Eq. (1) and Fig. 1(a) is the representation of it. However, if the interaction of electric field with the material interface is completely normal, then Eq. (2) and Fig. 1(b) is the representation.
Making use of these useful results, we take electric field being parallel to the interface of multi-layer breast. Therefore, Eq. (1) and Fig. 1(a) will be the desired model for finding effective permittivity.
Analytical Model for Scattering Parameters
Using Eq. (1) to (3), we can now easily find the effective permittivity for any multilayer medium. This simplifies the complex problem instead of solving each layer individually but taking it as a whole and finding the desired S-parameters from permittivity values.
Here we have assumed that incident signal is a plane wave (in the far field of the transmitting antenna) and it is normal to the dielectric surface. That is electric field ( ̂) vector is parallel to the interface.
A. Calculation of Effective Permittivity
The complex permittivity is defined in [10] as (4) where is the complex permittivity, the relative permittivity is the real part of complex permittivity, and dielectric loss factor is the imaginary part of complex permittivity.
The conductivity, and dielectric loss factor, are related as [10] 
Here, is the frequency of communication, and is the permittivity for vacuum. In the breast, skin covers 20%, adipose tissue covers 50% of the total breast and the rest 30% is glandular portion [16] [17] . If we ad third layer of tuor in it then the latter normally covers 0.4% of the glandular part. Therefore, as calculated, the normalized volume fractions are for skin, adipose, glandular and tumor respectively. Let , and are the complex permittivity values of skin, fat, gland and tumor respectively then, using these values from Tables  1 and 2 , to Eq. (1) and to (5), we get the complex effective permittivity for the heterogeneous breast with and without tumor as shown in Table 3 and 4, respectively. From the results in Table 3 and 4, the effective conductivity for the combined layers for normal and tumor containing breast is calculated using Eq. (5) and shown in Tables 5 and 6 , respectively. Table 6 . Effective conductivity for heterogeneous tumor containing breast.
Frequency (GHz)
Combined Effective Conductivity Values (S/m) 1.0 0.33379x10 -3 1.5 0.60082x10 -3 2.0 0.0017 2.5 0.0040 3.0 0.0076 3.5 0.0135 4.0 0.0198 4.5 0.0294 5.0 0.0445 5.5 0.0613 6.0 0.0834
B. Calculation and Simulation of Reflection and Transmission Coefficients
Following the instance of [18] analytical expressions of reflection coefficient, and transmission coefficient are
where ( )
and
with is the speed of electromagnetic waves in vacuum; is the operating frequency of communication; is the real part of the effective permittivity; is the total thickness of the combined layers.
Derivations of Eq. (6) and (7) are provided in the Appendix for better understanding. Using Eq. (6) and (7), analytical values of the reflection and transmission coefficients can easily be obtained for the human breast model presented in Tables 3 and 4 . The obtained numerical results are shown in Figs. 2 and 3 for UWB frequency band of 1 to 6 GHz. In these simulations following observations can be made readily:
1) The simulations are made from 1 to 6 GHz because of the availability of data from [5] for these frequency ranges only. 2) Reflection and transmission coefficients are exactly 180 o phase shifted at any frequency.
3) The trend of reflection and transmission coefficients are not constants but vary as the frequency varies. This is the process of dispersion. 4) The variations are directly related to variations in permittivity values as indicated by Eq. (6) and (7). 5) It is also seen that the trends are highly nonlinear. This is because the breast channel is a non-linear channel. 6) The consideration of operating frequency is very important. The behavior at one frequency is not similar as that of the other frequency. 
Conceiving Channel Impulse Response of Human Breast
Determination of reflection and transmission coefficients is useful in determining output behavior of the channel. To observe the channel behavior, we simulated the transmission of a Gaussian pulse (as planar wave) through the breast model. The considered zero derivative Gaussian can be formulated as
Here is the offset value of time (constant) and is the spreading factor (also constant). UWB antennas are characterized to transmit next higher order derivative of the incident signal into the channel [20] [21] [22] . Therefore, in an actual system if this pulse is input to an antenna then its 1 st derivative will be forwarded in to the channel. We used Matlab function gmonopuls ( ) for UWB center frequency of 4.5GHz with and to generate the first order derivative of Eq. (10) , as shown in Fig. 4 . Fig. 4 . First derivative Gaussian pulse generated in time domain for 4.5 GHz UWB center frequency.
The pulse in Fig. 4 , is transmitted through the human breast to generate the reflected and transmitted waves. If ( is the gain of the breast channel, ( is the frequency domain representation of the time domain input signal ( then output ( is the frequency domain representation of time domain output signal ( , and the later can be found as follows:
Its time representative
Here, is the inverse Fourier transformation. This is simulated for two ends of frequencies in the UWB band. One is lower with center frequency of the transmitted pulse to be equal to 2 GHz. Second simulations were carried out for higher end of UWB frequency set at 4.5 GHz.
Results of 1 st Derivative Gaussian Pulse for Lower End of UWB
We simulated the breast channel, for backward and forward propagation gains in Figs. 5 and 6. The channel gains for backward propagation obtained from reflection coefficients at 2 GHz UWB center frequency are 0.8246 and 0.8098 for normal and tumorous breast respectively. Similarly, the channel gains for forward propagation obtained from transmission coefficient at same frequency are 0.5496 and 0.5691 for normal and tumorous breast respectively. The output (or received) signal y(t) is shown in Figs 5 and 6 for normal and tumorous breast respectively. 
Results of 1 st Derivative Gaussian Pulse for Upper End of UWB
We further simulated the breast channel, for backward and forward propagation gains in It is observable from Figs 5 to 6 that however transmitted pulse from the antenna is always lower in amplitude as compared to the reflected signal in a normal breast and for a tumor containing breast. This is observable from the amplitude markers A1, A2, and A3. Their corresponding amplitude values are directly interpretable from Figs. 5 and 6.
It is observable from Figs 7 to 8 that however transmitted pulse from the antenna is higher in amplitude as compared to the reflected signal in a normal breast but it is reverse for a tumor containing breast i.e. reflected signal is higher in amplitude in this case. This is observable from the amplitude markers A1, A2, A3 and B1, B2, B3 in Figs 5 to 7 , respectively. Their corresponding amplitude values are directly interpretable from Figs. 7 and 8.
The percentage difference between two quantities is defined as the absolute value of the difference between the two scalars, divided by the mean of those two scalars, multiplied by 100%.
In the case of tumor containing breast, at 2.0 GHz (Fig. 6) , the amplitude of reflected pulse is approximately units and amplitude of transmitted signal is approximately . Therefore Eq. (13) and values show dispersive behavior with respect to changing frequency. Therefore, by obtaining the characteristic curves of and , we can easily determine to select reflected/scattered or transmitted signal in the design of the transceiver system.
Conclusion
In this paper work has been carried out to successfully determine effective dielectric properties and scattering parameters characteristics for lower end of UWB frequency band using analytical formulations of heterogeneous human breast. It is found that due to dispersive nature of breast, reflection and transmission coefficients also show dispersion with frequency change. For normal breast reflected/scattered signal was low but in the case of tumor containing breast reflected signal was remarkably high as compared to the transmitted signal. Hence for the early detection of breast cancer, it is more advantageous to design transceivers which work on the principal of back-propagation (capturing reflected signals). To design the transceiver for whole UWB range the characteristic reflection and transmission coefficient curves that we have obtained here, can be used as a guideline to determine the use of reflected or forward propagated signals for the communication link through the breast at any center frequency in the UWB band.
In order to derive the analytical expressions for transmission and reflection coefficients, we consider the scenario shown in Fig A-1 . This is divided in three regions. They are '0', '1' and '0' for the incident, channel and forward transmitted regions respectively. Here, '0' indicates the air region and '1' indicates the body tissue medium. These regions are separated by boundaries named A and B. Region 0 is the region where incident signal comes, and incident signal . It is then forward propagated and reflected as shown in the Fig A-1 In a similar manner like written as in Eq. (A.13) and Fig. A-1 , the received signal, can be followed by the final version as in Eq. (A.14). 
